ABSTRACT: Western and indigenous Chinese pig breeds show obvious differences in muscle growth and meat quality, however, the underlying molecular mechanism remains unclear. The main objective of this study was to evaluate the breed-specific mechanisms controlling meat quality and postmortem muscle metabolism. The specific purpose was to investigate the variations in meat quality, muscle fiber type, and enzyme activity between local Jinhua and exotic Landrace pigs at the same age (180 d of age), as well as the same BW of 64 kg, respectively. We compared differentially expressed muscle fiber types such as types I and IIa (oxidative), type IIb (glycolytic), as well as type IIx (intermediate) fibers in LM and soleus muscles of Jinhua and Landrace pigs using real-time reverse-transcription PCR. Furthermore, the metabolic enzyme activities of lactate dehydrogenase, as well as succinic dehydrogenase and malate dehydrogenase, were used as markers of glycolytic and oxidative capacities, respectively. Results showed that Jinhua pigs exhibited greater intramuscular fat content and less drip loss compared with the Landrace (P < 0.01). Meanwhile, the mRNA abundance of oxidative and intermediate fibers was increased in Jinhua pigs, whereas the glycolytic fibers were more highly expressed in the Landrace (P < 0.01). In addition, Jinhua pigs possessed greater oxidative capacity than that of the Landrace (P < 0.05). These results suggested that the increased expression of the oxidative and intermediate fibers and greater activities of oxidative enzymes in Jinhua pigs were related to meat quality as indicated by a greater intramuscular fat and reduced drip loss. Based on these results, we conclude that muscle fiber composition and postmortem muscle metabolism can explain, in part, the variation of meat quality in Jinhua and Landrace pigs. These results may provide valuable information for understanding the molecular mechanism responsible for breed specific differences in growth performance and meat quality.
INTRODUCTION
The Jinhua pig, one of the most important local breeds in China, exhibits early sexual maturity, decreased growth rate, and has less lean meat content than Western pig breeds such as Landrace, but the sensory quality of its meat is superior (Miao et al., 2009 ). Landrace pigs have been intensively selected over the past decades for greater growth rate and muscularity, which is believed to have led to a deterioration in meat quality (Lefaucheur et al., 2002; Shan et al., 2009b) . Therefore, these 2 pig breeds can serve as an ideal comparison for studying muscle growth and meat quality.
Molecular mechanisms responsible for meat quality are often associated with postmortem muscle metabolism. Specifically, changes in the extent or rate of glycolysis can create unfavorable muscle pH. A greater rate of pH decline and a reduced ultimate pH result in muscle protein denaturation and poor meat quality (Hammelman et al., 2003; Ryu and Kim, 2006) . One of the main factors determining postmortem muscle biochemical pathways is the composition of skeletal muscle fibers. In postnatal growing pigs, skeletal muscles consist of 4 fiber types (typeI, IIa, IIx, and IIb), which are characterized by the expression of myosin heavy-chain (MyHC) gene isoforms (Lefaucheur et al., 2002) . Each muscle fiber type has different biochemical and biophysical characteristics such as oxidative and glycolytic capacities, contraction speed, and glycogen content. Thus, muscles with different fiber type composition have different effects on postmortem change during the Comparisons of different muscle metabolic enzymes and muscle fiber types in Jinhua and Landrace pigs 1 conversion of muscle to meat (Ozawa et al., 2000; Ryu et al., 2005) . Up to now, little was known about the muscle fiber composition and postmortem muscle metabolism in Jinhua pigs, nor the breed differences between Jinhua and Landrace pigs. Therefore, the objective of the current study was to compare the differences of meat quality traits, muscle fiber type, and metabolic enzyme activity between Jinhua and Landrace pigs at the same age (180 d of age), as well as the same BW of 64 kg, respectively.
MATERIALS AND METHODS
All of the experiments were carried out according to the guidelines for animal experiments at the National Institute of Animal Health.
Animals and Sample Collection
Four Jinhua and 4 Landrace males at 180 d (average BW of 64 and 99 kg in Jinhua and Landrace, respectively), as well as 4 Jinhua and 4 Landrace males at the average BW of 64 kg (180 and 120 d in Jinhua and Landrace pigs, respectively), were used to determine the relationships between differentially expressed genes and meat quality. The animals were fed a commercial diet. The ingredient and chemical composition for the diets (as-fed basis) fed to the pigs were as follows: DE, 13.75 MJ·kg −1 ; CP, 16.98%; Ca, 0.73%; P, 0.51%; and Lys, 0.97%. All pigs were selected randomly and killed to allow sample collection 12 h after the last meal. Longissimus muscle samples from the seventh thoracic vertebra to the last lumbar were removed and vacuum packed for meat quality measurements. Two morphologically and functionally distinct skeletal muscles were selected for enzyme activity and mRNA abundance: the LM adjacent to the last rib level, a predominantly fast-twitch muscle, and the soleus muscle, a representative slowtwitch muscle, were taken from the left-half carcasses immediately after postmortem and packed in plastic bags, then frozen in liquid N and stored at −80°C until further processing.
Measurement of Objective Meat Qualities
Meat color values, including CIE L*, a*, and b*, where L* represents lightness, a* represents rednessgreenness, and b* represents yellowness-blueness, were measured in triplicate by a Minolta chromameter (CR-300, Minolta Camera Co., Tokyo, Japan) on a freshly cut surface 45 min postmortem. The drip loss was determined by suspending muscle samples standardized for surface area in inflated plastic bags at 4°C for 48 h (Honikel, 1987) . The pH at 45 min postmortem (pH45) was measured 3 times using a portable needletipped combination electrode (NWK binar pH-K21, CE, NWK-Binar GmbH, Landsberg, Germany) in the center of the muscle. Longissimus muscle area was determined by tracing its surface area at the 10th rib and by using a planimeter (Planix 5.6, Tamya Digital Planimeter, Tamaya Tecnics Inc., Tokyo, Japan). The average backfat thickness was taken in the midline with a sliding caliper, and the average of 3 backfat thicknesses, measured on the first rib, last rib, and last lumbar vertebrae. Intramuscular fat content was determined on a sample of LM by petroleum ether extraction at 24 h after slaughter (Fortin et al., 2005) .
Metabolic Enzyme Activities
The activity of lactate dehydrogenase (LDH, EC 1.1.1.27) was used as marker of glycolytic metabolism and determined by monitoring the rate of decrease in the absorbance of NADH following the reduction of pyruvate to lactate at 340 nm at 25°C (Kaloustian et al., 1969) . Succinic dehydrogenase (SDH, EC 1.3.99.1) and malate dehydrogenase (MDH, EC 1.1.1.37) have been used to represent the potential of the tricarboxylic cycle. Succinic dehydrogenase activity was analyzed by following the reduction of 2,6-dichlorophenol-indophenol at 580 nm (Burke et al., 1982) . Malate dehydrogenase activity was determined by the method of Arfman et al. (1989) . Total protein content of tissues was determined by the procedure of Lowry et al. (1951) . Enzyme activities were measured on LM and soleus as described previously. The activities of the enzymes were expressed as (U·mg −1 of protein) or (U·g −1 of protein) for muscle tissue.
Total RNA Extraction and Reverse Transcription
Total RNA was prepared from the LM and soleus using Trizol Reagent (Invitrogen Life Technologies, Carlsbad, CA) according to the instructions of the manufacturer. The purity and concentration of total RNA were measured by a spectrophotometer at 260 and 280 nm. Ratios of absorption (260/280 nm) of all samples were between 1.8 to 2.0. For each sample, 2 µg of total RNA was used to synthesize the first cDNA using a MMLV-RT kit with random primers and an RNAse inhibitor (Takara Biotechnology Co. Ltd., Dalian, China) according to our previous publications (Wang et al., 2006; Shan et al., 2008) . CACTTTAAG-TAGTTGTCTGCCTTGAG (sense) and GGCAGCAGGGCACTAGATGT (antisense). The primers of 18S rRNA were used according to our previous publications (Shan et al., 2009a) : 18S rRNA (accession No. AY265350), CCCACGGAATCGAGAAAGAG (sense) and TTGACGGAAGGGCACCA (antisense). Quantitative real-time PCR was performed using Applied Biosystems 7500 Fast Real-Time PCR System (Applied Biosystems, Foster City, CA) and SYBR Premix Ex Taq Kit (Takara Biotechnology Co. Ltd.). The 18S rRNA was used as the reference gene. The PCR system consisted of 10.4 µL of SYBR Premix Ex Taq (2×) mix (Takara Biotechnology Co. Ltd.), 1.0 µL of cDNA, 7.8 µL of doubled-distilled water, and 0.4 µL of primer pairs (10 mM), all in a total volume of 20 µL. The PCR was run for 2 min at 94°C; followed by 40 cycles of 94°C for 10 s and 60°C for 34 s. After amplification, a melting curve analysis was performed to verify the specificity of the reactions. The end point used in the real-time reverse-transcription (RT) PCR quantification, CT (defined as the PCR threshold cycle number). The relative quantification of target gene expression was evaluated using the 2 −∆∆CT method. The ∆CT value was determined by subtracting the 18S rRNA CT value for each sample from the target CT value. The ∆∆CT was calculated by subtracting the Landrace ∆CT value from the ∆CT values of the Jinhua pigs according to our previous publications (Shan et al., 2009a) . The fold difference in the relative gene expression of the target was calculated as the 2 −∆∆CT value. The data were calculated as the fold change in mRNA expression relative to the Landrace breed, which was arbitrarily defined as 1. Data are expressed as the means ± SE. All experiments were repeated in triplicate.
Data Analysis
All experimental data are expressed as the mean ± SE. Comparisons between breed groups were made by unpaired 2-tailed Student's t-tests or 1-way ANOVA procedure (SPSS, Chicago, IL) as appropriate. Statistical significance was established at P < 0.05.
RESULTS

Meat Quality Between Breeds
Meat quality and carcass traits were compared between Jinhua and Landrace pigs at the same age (180 d of age), as well as the same BW of 64 kg, respectively. At the same age, Jinhua pigs exhibited significantly greater intramuscular fat content and backfat thickness than those in Landrace pigs (P < 0.01), but BW as well as the LM area were decreased by 35.1 and 62.4% respectively. Water-holding capacity, measured as the drip loss, and color variables were different between breeds (P < 0.01); Jinhua pigs showed less drip loss and redness. Other meat qualities such as pH45 did not differ significantly between the breeds (Table 1) . At the same BW of 64 kg, our results also suggest that Jinhua pigs exhibited a greater intramuscular fat content (approximately 3.4 times greater) and backfat thickness (approximately 2.5 times greater), but less LM muscle area (approximately 46%) and drip loss (approximately 71%) than that of Landrace (P < 0.01). Other meat qualities such as pH45 and color variables did not differ significantly between the 2 breeds ( Table 2) .
MyHC Fiber Type Composition: Comparison Between Breeds
We analyzed the expression of MyHC isform types I, IIa, IIx, and IIb in pig LM and soleus by real-time RT-PCR using specific primers. As expected, strong differences were observed for all 4 MyHC fiber types between breeds in the same muscle (LM or soleus). Interestingly, the 2 breeds either at the same age or at the same BW had the same trend. In LM, the mRNA abundance of oxidative fiber type (types I and IIa) and intermediate fiber type (type IIx) were greater in Jinhua pigs compared with that of Landrace (P < 0.01). However, glycolytic fiber type (type IIb) was highly expressed in the LM of Landrace compared with that of Jinhua (P < 0.01; Figures 1 and 2) . In soleus muscle, Landrace had a greater amount of MyHC IIb and IIx fibers but reduced MyHC I and IIa fibers compared with those of Jinhua pigs (P < 0.01; Figures 3 and 4) .
Metabolic Enzyme Activity
We also analyzed the activities of LDH, SDH, and MDH, which were used as markers of glycolytic and oxidative capacities in LM and soleus. The results showed that the 2 breeds either at the same age or the same Means within a row with different superscripts are significantly different (P < 0.01). Comparison of Jinhua and Landrace pigs BW had the same trend (P < 0.01 and P < 0.05, respectively; Table 3 and Table 4 ). Jinhua pigs exhibited greater SDH and MDH activities and lesser LDH than Landrace in both muscles. This indicated that Jinhua pigs possessed greater oxidative capacity than that of Landrace.
DISCUSSION
The biochemical properties and meat qualities of livestock vary among individuals and muscles. However, breed-specific mechanisms controlling meat characteristics and quality remain unclear. Previous studies have suggested that some of the variation in fiber type characteristics and metabolic potentials within muscle can explain the variation in meat quality (Chang et al., 2003) . In this study, meat quality characteristics and the mRNA abundance of muscle fiber types, as well as metabolic enzyme activity, were investigated between Chinese native Jinhua pigs and the popular Western meat breed Landrace.
Jinhua pig, a type of fatty pig from China, is especially noted for its early sexual maturity, increased intramuscular fat content, and high-quality meat. By contrast, Landrace is a meat-producing breed noted for increased growth rate, feed efficiency, and lean carcasses. Similarly, our results support the previous findings that Jinhua pigs exhibited greater intramuscular fat content and back thickness but reduced drip loss and LM muscle area than those of the Landrace either at the same age (180 d of age) or the same BW of 64 kg. The superior quality in local Chinese pig agrees with previous findings (Lefaucheur et al., 2004; Yang et al., 2005; Hu et al., 2008) . However, the molecular mechanisms controlling meat quality remain unknown.
Many factors determine meat quality such as breed, genotype, sex, age, nutrition, and slaughter conditions. Skeletal muscle fiber is one of the important factors influencing meat quality. Numerous reports have examined the relationship between muscle fiber type and meat quality (Gil et al., 2003; Klosowska and Fiedler, 2003; Choi et al., 2007) . However, little is known about the muscle fiber composition in Jinhua pigs. Myosin heavy chain is transcriptionally regulated in porcine skeletal muscle (Park et al., 2009 ). The molecular iden- Means within a row with different superscripts are significantly different (P < 0.01). Relative mRNA expression of myosin heavy chain (MyHC) isoform genes in LM between Jinhua (JH) and Landrace pigs at the same BW (64 kg) determined using real-time reverse-transcription (RT) PCR. Real-time RT-PCR of 4 muscle mRNA samples was conducted 3 times and normalized to 18S rRNA expression. Each column represents the mean of 4 pigs ± SE. The data represent the fold change in mRNA expression relative to the control (Landrace pig), which was arbitrarily defined as 1 (dotted line). **P < 0.01. tification of fiber types based on MyHC expression was more precise and reliable than immuno-histochemical staining (Choi and Kim, 2009 ). In the present study, we compared differentially expressed muscle fiber types such as oxidative fiber type (types I and IIa), glycolytic fiber (type IIb), and intermediate fiber type (type IIx) in LM and soleus muscle of Jinhua and Landrace pigs using real-time RT-PCR. The result showed that LM of Jinhua pigs exhibited increased expression of oxidative and intermediate fibers (type I and IIa + IIx), and relatively less expression of glycolytic fibers (type IIb) compared with the Landrace. These results suggested the differential expression of muscle fiber types was consistent with other Chinese local breeds such as Meishan (Lefaucheur et al., 2004) , Erhualian (Yang et al., 2005) , and Laiwu pigs (Hu et al., 2008) . In general, muscle fiber composition can partially explain the variation of meat quality across and within breeds. The percentage of MyHC IIb was an important feature that contributed to increased muscle mass . The greater LM area in Landrace may be related to the increased expression of IIb fiber type. However, less favorable meat quality traits were also associated with the relative abundance of MyHC IIb fibers (Chang et al., 2003) . Meanwhile, the presence of MyHC I fiber type was positively related to the better water-holding capacity and better tenderness of meat (Wimmers et al., 2008) . Furthermore, a study using histochemical staining with Sudan black B and Oil Red O showed that all type I fibers contained neutral lipids, whereas only 26 and 1% of types IIa and IIb fibers contain lipids (Karlsson et al., 1999) . In addition, oxidative fibers are rich in mitochondria, which are related to the relative capacity of muscle tissue to oxidize fatty acids. Thus, the increased intramuscular fat content, decreased muscle growth rate, and better meat quality in Jinhua pigs may be related to increased expression of oxidative muscle fibers. These results were consistent with Gil et al. (2003) who found that the percentage of type I fiber Comparison of Jinhua and Landrace pigs is positively correlated with intramuscular fat content. To the best of our knowledge, this was the first investigation of muscle fiber composition in Jinhua pigs.
Each muscle fiber type has different biochemical and biophysical characteristics such as oxidative and glycolytic capacities, contraction speed, myoglobin, and glycogen content . In general, oxidative metabolism decreases in the rank order: I, IIa, IIx, IIb (Lefaucheur et al., 2002) , type I contains relatively large mitochondria and greater amount of lipid, some of which presumably serves as a source of aerobic metabolic fuel. In contrast, type IIb contains greater amounts of glycogen and glucose, and predominantly uses glycogen and glucose as fuel (Choi et al., 2007) . Type IIx is intermediate (Schiaffino and Reggiani, 1996; Choe et al., 2008) . A greater proportion of type IIb has also been reported in pigs carrying the mutated halothane gene (Depreux et al., 2002) . Comparisons between wild and domestic pigs (Chang et al., 2003) suggest that intensive selection for lean muscle growth in modern pigs induced a shift in muscle metabolism toward a more glycolytic and less oxidative fiber type. Our result support this hypothesis in that Jinhua possessed a less glycolytic and more oxidative metabolism, as well as a greater capacity to use lipids as an energetic substrate. The data in the current experiment suggest a correlation between the differential expression of muscle fiber types and metabolic enzyme activities, which is in accordance with previous reports (Peter et al., 1972; Hintz et al., 1984; Lefaucheur et al., 2004) .
In conclusion, the differentially expressed muscle fiber types and metabolic enzyme activities may be the most important factors influencing meat quality, particularly intramuscular fat content and drip loss in the pig breeds examined. These results may provide valuable information for understanding the differences of meat quality in Jinhua and Landrace pigs and could form a basis of fiber type manipulation to improve meat quality. 
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